ABSTRACT -Juvenile greater amberjack Seriola dumerili (fork length: 39.5 -43.0 cm) imported from China to Japan as mariculture seedlings were found infected with larval anisakid nematodes in the spring of 2005. The parasite was morphologically identified as Anisakis type I larva causing human anisakiasis. Based on the nucleotide sequence of ITS1-5.8S rRNA-ITS2 region, the parasite was tentatively identified as A. pegreffii, one of the species comprising A. simplex sensu lato. The main infection site was the wall and serous membrane of the stomach. No worms were found in the ventral side of the body muscle of fish. This is the first documented case of Anisakis infection in cultured marine fishes.
During February-April, 2005, heavy infections with anisakid larvae were found in juvenile greater amberjack, Seriola dumerili, imported from China into many fish farms located in Kyushu and Shikoku, Japan, as mariculture seedlings We were requested to identify the anisakid larvae by researchers in local government agencies and fish farmers, who were concerned about public health. We urgently carried out a preliminary study on the taxonomy and infection sites of the parasite.
Materials and Methods
Amberjack were collected from four anonymous fish farms located in Kyushu and Shikoku in February, March and April 2005 . All the sample fish had been captured in the South China Sea off southeast coast of China in the spring of 2004, grown out on the Hainan Island and subsequently in Ningde, Fujian, China until November 2004 or January 2005 , and transported to Japan as seedlings for mariculture. The sampled fish (fork length, 39.5-43 cm; n = 4-9 for each farm) were transported to our laboratory on ice or killed and examined on site. Worms were collected from the former fish and histological specimens were made from the latter fish.
For morphological examination, worms (n = 42) collected from the stomach wall and mesenteries of fish were fixed in hot 70% ethanol, cleared in glycerol, and observed microscopically. For DNA sequence studies, DNA was extracted and purified from three worms collected from an amberjack and preserved in 99.5% ethanol, with conventional SDS-Protenase K lyses, phenol chloroform extraction and ethanol precipitation. The ITS1-5.8S-ITS2 rDNA region was amplified from the extracted DNA as template using primers NC5 (forward; 5' -GTAGGTGAACCTGCGGAAGGATCATT -3') and NC2 (reverse; 5'-TTAGTTTCTTTTCCTCCGCT -3') 1) .
PCR products were purified by QIAquick PCR Purification Kit (QIAgen Inc., Germany) according to manufacturer's instructions, cycle-sequenced by both the above primers, NC13 (forward; 5' -ATCGATGAAGAA-CGCAGC -3'), NC13R (reverse; 5'-GCTGCGTTCTTCA-TCGAT -3') and XZ1R (reverse; 5'-GGAATGAACCC-GATGGCGCAAT -3') and BigDye ® Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, USA). Sequences were visualized by an ABI PRISM 310 sequencer (Applied Biosystems), concatenated manually, aligned using Se-Al 2) and PAUP 4.0. Windows Beta ver. 10. (Sinauer Associates, Inc.) To identify the infection sites of the parasite, nine fish were examined for the worms. As the stomach wall and the serous membrane surrounding the stomach were found heavily infected, those organs were dissected under a stereomicroscope and worms were counted. The pyloric caeca, intestine and mesenteries were pressed between two glass plates and macroscopically examined on a light box for the parasite. The ventral muscle surrounding the body cavity was sliced into 2-3 mm thick pieces and macroscopically examined on a light box.
Results and Discussion
Morphologically, the worms possessed a boring tooth at the anterior end, an excretory pore below the boring tooth, a cylindrical ventricle in the alimentary tract and a micron at the posterior end. A ventricular appendix and intestinal caecum were absent. From these characteristics, they were identified as Anisakis larvae type I according to the previous definitions 3, 4) . The mor- . Anisakis larva type I has been recognized as the third-stage larva (L 3 ) of Anisakis simplex, which causes human anisakiasis. However, recent studies [5] [6] [7] [8] with multilocus allozyme electrophoresis have demonstrated that Anisakis larva type I comprises the L 3 of five species at least: A. simplex sensu stricto, A. pegreffii, A. simplex C, A. typica and A. ziphidarum. The first three species are assigned to the A. simplex complex (=A. simplex sensu lato), because of difficulties in morphological distinction among them. More recently, the three species of the A. simplex complex have been characterized by differences in PCR-RFLP analysis and nucleotide sequence of ITS region of rDNA and in the sequence of mitochondrial COX-2 9-11) . The sequence of the present worms was identical to those of worms designated as A. pegreffii (AB196670 and AB196671), which were collected from Pacific cod Gadus macrocephalus captured in Hokkaido, Japan, and identified using the PCR-RFLP analysis 12) ( Table 1 ). The two transition sites which were previously reported 13, 14) as characteristics distinguishing A. pegreffii from A. simplex sensu stricto were observed in the present worms (Fig. 1A) . From the result, present worms are found to be closely related to A. pegreffii. However, the present worms and those worms collected in Hokkaido showed differences (two base pairs) in the sequence of 5.8S rDNA from A. pegreffii collected in the Mediterranean, the type locality of A. pegreffii (Fig. 1B) . Considering that A. pegreffii is distinguished from A. simplex sensu stricto by two-base difference in ITS1, A. pegreffii in the Far East may be taxonomically different from those in the Mediterranean. For the reason, we refer to this species as A. pegreffii JP in order to distinguish it from the Mediterranean A. pegreffii. As the Mediterranean A. pegreffii was raised based on allozymatic analyses, further allozymatic comparison is needed at least to confirm the taxonomy of the present species. The worms in this study are morphologically Anisakis larvae type I which cause human anisakiasis. Moreover, a human case of A. pegreffii infection, which was identified with RFLP analysis, was reported in Italy 15) . The present worms in this study should be considered hazardous to humans, though the detailed taxonomy of them has not been confirmed. The main infection sites in the amberjack were the wall and serous membrane of stomach, especially in the Table 1. posterior stomach. A deformed and shortened stomach was often found in infected fish, in which the stomach wall was pushed inside by large clusters of worms. The heavy infection in the stomach wall sometimes resulted in arctation or even obstruction in the gastric cavity ( Fig.  2A) . In the stomach wall, worms were found within the submucosal layer (Fig. 2B) . Little inflammatory reaction, such as infiltration of hemocytes, was observed in the stomach wall. The worms were surrounded by a thin membrane of host origin, as were those observed in the mesentery. In nine fish examined for infection sites, all fish were infected in the stomach including the wall and serous membrane, and eight fish were infected in the mesenteries surrounding the intestine and pyloric caeca as well. The intensities ranged from 11 to 101 (58 in the mean) and from 1 to 25 (9.5 in the mean) in the stomach and the mesenteries, respectively. The ratio of the number of worms in the stomach to total number of worms in each fish ranged from 80.2% to 100% (89.1% in the mean). No worms were found in the ventral muscle or the serous membrane of the other visceral organs including the liver. The heavy infection in the stomach wall apparently had pathological effects on fish. Generally, anisakid larvae infect the serous tissues of viscera, the mesentery and sometimes the muscle, with little effect on host fish. The present study reports the first case, to our knowledge, of anisakid infection in the stomach wall and its pathological effects on fish. It is not clear whether the characteristic infection sites in this case resulted from the organ specificity of the present parasite or from that of amberjack. The absence of worms in the ventral muscle suggests that worms hardly invade the edible part of fish body.
The Ministry of Health, Labor and Welfare (MHLW), Japan, carried out an investigation on Anisakis infection in cultured greater amberjack. In their investigation, 192 out of 554 fish, which were imported from China since November 2004, were found infected in the viscera, and one out of 137 infected fish sampled from heavily infected farms was found infected in the body muscle in addition to the viscera (a press release paper by MHLW issued on June 15, 2006, available from http:// www.mhlw.go.jp/houdou/2005/06/dl/h0615-4.html (in Japanese)). Anisakid infection was also found in seedlings of threeline grunt, Parapristipoma trilineatum imported from China to Japan. Based on these findings, the Ministry issued a directive to fish farmers and local governments in June 2005 that greater amberjack and threeline grunt raised from seedlings that were captured in 2003 or 2004 and subsequently grown out until fall of 2004 in China before importation should be frozen before brought to market, as a food safety precaution. As greater amberjack are cultured mostly for sashimi (raw fish) use and their commercial values were largely lost after freezing, the present case of Anisakis infection had a large economic impact on fish farms. The Ministry suggested that the amberjack were infected with the parasite in China before importation, where they were fed wild raw fish infected with the parasite.
To the best of our knowledge, no case of Anisakis infection was previously reported in cultured marine fishes. The absence of parasites hazardous to human has been seen as a major advantage of culture fishes over wild fishes. However, the present case reveals that cultured fishes are not always safe. Importation of fish seedlings, as well as food fishes, should be placed under surveillance by relevant authorities to prevent contamination with fish-borne zoonoses.
